ment. Practically, moreover, it is necessary to recognize some limitations on the ecologist's powers of observation, identification, and analysis. One attempts to identify from the "total environment" those environmental features which affect the number and distribution of the members of a population, thus describing the "effective environment."2 In the case of human ecological studies, particularly, one may also wish to acknowledge what Rappaport (1963) calls the "cognized environment." Population size data for the time periods specified, and land area and lagoon area measurements for 112 Micronesian islands and atolls have been recorded (Table 1) . No effort was made initially to discover what limiting environmental features are subsumed under the latter categories; instead, it is assumed that for these peoples, with a horticultural-fishing economy, some unspecified number of interacting affective environmental features are expressed in the two environmental categories of land area and lagoon area. Further, the assumption was made initially that no affective differences exist in the physical, biotic, or cultural environments on these islands and atolls, nor in the biological environment of the populations of these islands and atolls.
Beginning with these assumptions, statistical analysis is employed to identify the existence of correlations between environment, as expressed in areal measurements, and population size, a criterion of biological adaptation. Subsequently, simplifying assumptions are progressively removed and further statistical tests applied in an effort to identify more precisely the limiting factors of the environment. The specified environmental features which can be tested as possible affective variables of adaptation are selected for consideration largely on the basis of available information.
STATISTICAL ANALYSES OF MICRONESIAN DATA
Following recommended procedure, a scattergram of the data for "All Micronesian islands and atolls" was prepared (Figure 1) . The results were, obviously, inconclusive and were not substantially improved when the data was plotted on logarithmic-scale paper. Consequently, the simpler, linear form of regression analysis was selected for use in statistical treatment of the materials.3
As Dr. Morris Garber kindly pointed out to me, linear regression analysis involves certain assumptions as to the population from which the sampled data is drawn. Application of the regression formula commonly found in statistics texts to the Micronesian data employed an inappropriate model of the population. The suitable model to use in the present case is not this "Model I," but what Snedecor (1956) has called "Model IA." The critical distinction between the two models concerns the relationship of the standard deviation of X; i.e., where the standard deviation is directly proportional to X, Model IA is properly employed. Following between population and certain other variables (X2, or lagoon area; X3 and X4, referring to altitude of volcanic islands) and by restricting the group of items for which association of variables was tested (e.g., coral atolls, volcanic islands, etc.). A summary and brief comments on the results of these attempts to identify selected affective components of tested environmental variables are presented below.
1. Composition. Significant differences exist in the measure of association of variables for islands grouped as "volcanic" or "coral." This finding is incorporated into subsequent tests.
These differences in geological origin and composition are accompanied by distinctions in such physical features as water resources and soil composition (Piper 1946; Stone 1953) , and these, in turn, influence biotic characteristics (Fosberg 1949 (Fosberg , 1953 Gantt 1946; Marshall 1951 Marshall , 1957 Table 2 and following tables: X1-=land area, square statute miles X2=lagoon area, square statute miles coral and volcanic islands. This condition may be a consequence of inadequate information;4 of the relative geographical isolation of the entire region; of similarities in environmental conditions on coral atolls and islands and on lower portions of volcanic islands; and/or of man's restrictive practices in land use and crop selection. 3. Precipitation. Inadequate meteorological information dictated that testing employ crudely distinguished "non-drought" and "drought" groupings of Micronesian coral atolls and islands. The latter category, its members subject to repeated, prolonged "drought" conditions, includes 14 southern atolls and islands in the Gilbert Islands and Kapingamarangi Atoll in the Caroline Islands.5 The remarkably high correlation coefficient for association between land area and population for this group prompts the inclusion of this factor in subsequent analysis.
Definition of Terms used in
4. Lagoon resources. Despite reports of extensive human exploitation and dependence on lagoon resources, tests of association between population and lagoon area variables produce disappointing, but surprising, results. A moderately high correlation coefficient appears only when considering coral atolls subject to drought. These results might, in part, be ascribed to ignorance of such physical factors as lagoon depth or number and extent of reef passages; these, in turn, would influence the biotic complement of the lagoon. Possibly, also, marked IIAINLINE] Culture and Biological Adaptation differences exist between island populations in degree of exploitation of lagoon resources and in dependence upon the products of open sea fishing.
I conclude from the results of these tests that the size of human populations is indirectly and complexly influenced by certain physical and biotic factors of the environment, expressed in the variable "land area." Accordingly, further sta- tistical tests attempt to resolve related issues and extend these initial findings. 5. Population density. Population density, an expression of the abundance of organisms, was calculated for all Micronesian islands and atolls. A scattergram of the variables of population density (PDy) and land area (X1) suggested that some form of curvilinear relationship exists. Accordingly, tests of correlation-cubic, quadratic and linear-were performed (Table 4) . It is encouraging to note the significant value of F for coral atolls and islands subject to drought. However, I retain some reservation as to the merit of examining an association between two variables, one of which intimately involves the other: Population density = Population/Land area.
6. Multiple Correlation. The possibility that a multiple correlation might be involved was considered and tests made to determine the relative contribution of land area, lagoon area and population size at an earlier time (Y?). These tests (Table 5) of the populations of constituent islands and atolls. Areal and population characteristics, by island group, are presented in Table 6 . Each island group is characterized by unique associations of land area and population. These may not be ascribed entirely to cultural factors, for common physical and biotic factors also prevail on the islands and atolls of each island group. A crude test of the effect of cultural factors on population-land area characteristics of island groups assumes that members of island groups sharing relatively more cultural traits will exhibit greater similarity in population-land area characteristics where environmental variables are held constant. Statistical tests (see Table 5 ) indicate that the major determinant of population size at a given time is the size of the population at an earlier time. Environ mental factors can prescribe general limits to population size by affecting individual physiology, thus influencing the birth, death, and survival rates of the populations of particular groups of Micronesian islands and atolls.6 Practicably, this study considers only three relationships involving environmental factors capable of affecting population size at the level of individual physiology-disease (inter-species), subsistence (community) and social (intra-species) relationships.
Disease. Disease has been indicted by many students as the major determinant of the "environmental resistance," or difference between actual and potential population increase, of Micronesian peoples (Lessa 1955; Thompson 1945; Yanaihara 1940). Despite incomplete, fragmentary, and even contradictory reports, a vast body of evidence implicates disease as exerting a major influence on population characteristics.
The populations of the volcanic islands may have suffered disproportionately from decimating epidemics of "rheum," "putrid fever," measles, influenza, smallpox, whooping cough, and other often unspecified diseases, but these diseases and others, including syphilis,7 gonorrhea, and tuberculosis, were also spread to coral atolls and islands by direct foreign contact and by native emigres from volcanic islands (Fritz 1904; Hermann 1910; Yanaihara 1940; McNair, et al., 1949) . Lacking bodily immunity or natural predators of invading pathogens, Micronesians of all ages and both sexes died during these epidemics, thus reducing population size at various time periods and the breeding population of the next and succeeding generations. General debility in survivors may have had some effect on longevity and fecundity, and at least one of these diseases, gonorrhea, has been confirmed as a cause of infertility and sterility (Boyd 1949).
Such features of the physical and biotic environmental levels as harbor conditions, geographic position, and availability of water and food resources, no doubt, influenced the selection of various islands as centers of foreign occupation and, thus, disease exposure. Differences in the onset, rate, and course of disease incidence and population decline in various volcanic islands closely parallel differences in time, form, and intensity of alien intrusion. The long-range effect, however, has been that areas of greater exposure have been the recipients of ear- [67, 1965 lier and more extensive attempts to alleviate these very effects, through the provision by foreign agencies of hospitals, medical care, and educational facilities. Access to these, and the development of surviving populations with acquired immunity levels, are reflected in population size increases, commencing about 1786 in the Marianas Islands, site of early Spanish occupation and development of a Pacific fleet way-station. In the Kusaie and Ponape Islands, both major whaling ports of the 19th century, the declining population growth curve was reversed in the early part of the 20th century, but in the Palau and, particularly, Yap Islands, this reversal was further delayed.
In some of the coralline islands and atolls, at least, foreign settlement has also been followed by epidemics and population decline, as in the Marshall Islands, but one is continually impressed, in reviewing the literature, by the probably greater effect which typhoons, or tropical cyclones, have exerted on the population characteristics of coralline islands and atolls (Hermann 1910 In the Gilbert Islands, where drought conditions affect 14 of 16 islands, fishing techniques are diverse, accompanied by an extensive lore and formalized patterns of catching and distribution. Moreover, the Gilbertese uniquely, or to marked degree, practice crop fertilization, construct aroid (babai) pits and reportedly consume a wider range of available plant foods than do other Micronesians (Catala 1957; Luomala 1953) .
Several of the authorities quoted above have commented on the amount of unexploited land area, usually at higher elevations, on various volcanic islands. MacMillan contends that crop areas could be extended to higher elevations on volcanic Caroline Islands, and the ability of the Yapese and Kusaieans to survive deprivations of the war years without evidence of marked malnutrition, even when living at higher altitudes than usual, suggests that disuse of land is not entirely dictated by any physical, biotic or biophysiological limitations (Duncan 1946; Lewis 1949) . On the Truk Islands, in contrast, displacement of the native population during the war years only partly involved movement to higher elevations, and medical diagnosis indicated that the natives suffered extensively from disease and malnutrition during that period (Hall and Pelzer
1946).
In addition, various reports indicate that the native peoples of at least some volcanic islands have tended to emphasize one or a few food crops at the expense of others. Pandanus and yams, for example, have been relegated to the position of "last choice" foods on the Truk Islands, while breadfruit becomes the sine qua non of a meal. In the Palau Islands, taro and yams are the piece de resistance of an accepta4le meal, but on the Ponape Islands, yam and breadfruit constitute the vegetable mainstays. Yet, evidence of physical and biotic limitations on the successful cultivation of these and other food plants is more convincing for the coral atolls and islands. To some extent, cultural selection prevails throughout Micronesia, but it appears that the luxury of arbitrary rejection of available food resources is particularly noticeable on the lush, watered volcanic islands.
In recent decades, at least, exploitation of the resources of the volcanic islands has been adequate for the maintenance of the native population, although this need not have been the case in the pre-Contact and early Contact periods. Famines have been recorded, however, for several coralline islands and atolls, notably for those subject to drought or to typhoon destruction.
Less immediate nutritional effects on population characteristics are difficult to evaluate, particularly since "minimal standards" are rarely available for non-Western peoples and foods, except by extrapolation from studies of Western foods and peoples. Nutritional studies in Micronesia (Alpert 1946; Murai 1954; Turbott 1954 Turbott , 1949 have failed to identify more than occasional cases of marked malnutrition, although Greulich (1951) 3. Intra-species relationships capable of affecting population characteristics are so numerous and diverse that only a limited number may be considered here. The provision of the requisite host conditions for the establishment of populations of pathogens and predators has been considered above in discussing disease conditions. Competition for the necessities of life, never limited in human societies to the provision of materials required for mere biological survival and reproduction, covers a wide range of human behavior capable of affecting individual physiology and influencing population characteristics.
Although interpersonal conflict has been repressed by alien administrators and missionaries, a few reports indicate that unrestricted "warfare" caused relatively few direct deaths, although destruction of crops and the abduction of conquered women may have had more extensive, long-term effects on population characteristics (Girschner 1913; Emory 1948) . Armed conflict with foreign forces in the Mariana Islands and on Ponape resulted in the death of many naAmerican Anthropologist [67, 1965 tives and in population transfers (Joseph and Murray 1951; Bascom 1950a Bascom , 1950b . Changes in population characteristics due to warfare and also from loss of life at sea have undoubtedly been effectively reduced by foreign administrative policies. If Micronesian peoples practiced abortion or infanticide in the past (Fritz 1904; Kotzebue 1821) , Christianization has probably mitigated against such practices in recent years, although some students report the use of abortifacients and contraceptives today (Thompson 1947; Schneider 1955) .
Social, as well as biological, structuring characterizes Micronesian populations, past and present, and, as indicated by the studies of Petrusewicz (1957) , population structure may be an effective variable of certain mammalian population characteristics. An hierarchical class system, accompanied by behavioral, sumptuary and marital proscriptions and prescriptions, may reduce the availability of suitable mates, may result in increased age-at-marriage for spouses, encourage sexual abstinence in conformance with these or associated dicta, and in these, as also in other ways, influence birth rates of populations through restriction of breeding behavior.
A general association between social stratification, population size, and "ecological efficiency" of Micronesian populations has been identified. Social stratification, as described, has been most fully expressed on certain volcanic islands in Micronesia, although some degree of social stratification also characterizes many Micronesian coral atolls and islands. Of these volcanic islands, social stratification is more complex and more effectively maintained on the Yap Islands, whose rolling hills may be almost entirely cultivable and whose population density is quite low. At the other extreme stands the Truk Islands, where class structuring is minimal, breadfruit crops are grown over much of the land, and population density is maximal for volcanic islands. Other Micronesian volcanic islands, particularly in the Caroline Islands, occupy an intermediate position in respect to these three features. However, even if earlier population data reports were accurate, it would be difficult to extrapolate this relationship to interpretation of conditions in remote time periods, since variation in any one feature should result in accommodations of the remaining factors.
SUMMARY AND CONCLUSIONS
An attempt has been made here to identify the nature of the relationship between environment and human population size in Micronesia. Statistical tests, establishing the association of population size and the complex of environmental features subsumed in the categories of "land size" and "lagoon size" indicate that population size at one time period is a product of the size of the population at a preceding time period. Some of the variables and processes involved in the establishment and maintenance of such associations as those identified between population size and geological composition, meteorological conditions and biotic characteristics of Micronesian islands and atolls have been examined.
Although other factors8 may yet be found to contribute importantly to these associations of environmental features and human population characteristics, the results of this study indicate the following: 1. The observed relationships of population characteristics and environmental factors are explicable in terms of the operation of four environmental components-physical, biotic, bio-physiological, and socio-cultural-and the interactions between and among these components, particularly as these impinge upon the bio-physiology of the individual and, in turn, are expressed in such population characteristics as birth, death, and survivorship rates.
2. The operation of a larger number of effective factors and/or interaction of factors results in the reduction of range and variation in population characteristics exhibited, thus accounting for the restriction of range and variation of population density figures at two time periods for Micronesian volcanic islands, in comparison to those for neighboring coralline islands and atolls. As a result, predictions of variations in population number are more accurate for volcanic than coralline land forms (cf. Hamilton, et al, 1963) .
3. In contrast to the results of some other studies (Birdsell 1957) , mere availability of food does not now appear to be a major population depressant in Micronesia. However, the Micronesian data, as interpreted, indicate that certain cultural variables which may act as population size depressants are differentially operative, depending on the limitations of the physical and biotic environment. This results in an association of beneficent physical and biotic environment, socio-cultural complexity and reduced population density, or, conversely, of restricted physical and biotic potential, reduced sociocultural elaboration, and increased population density.
4. By the criterion of relative abundance, certain human population characteristics of Micronesian islands and atolls are inversely related to the elaboration of particular sociocultural phenomena, namely, those associated with social stratification. Thus, the population density figures characterizing the volcanic islands, as a group, are below those for the coralline islands and atolls, as a group, while social structuring of the population is more extensively developed on the former group of islands.
Other studies, notably by Birdsell (1953) , have identified an association between population size, physical and biotic environmental factors, and certain sociocultural phenomena among hunting and gathering, tribally-organized peoples. Several limited attempts to interpret the relationship between selected environmental features and population characteristics of Pacific island peoples have also appeared recently (Alkire 1960; Mason 1959; Sahlins 1958) . Application of an ecological viewpoint to problems involving such island populations may be expected to produce some important advances in our understanding of human evolution. In the words of one eminent ecologist: "All of the laws that control number, kind and interaction between organisms must therefore have their full operation within the limits of such an (island) area" (Slobodkin 1963:21) .
These findings suggest that careful consideration must be given to the proposition that culture is biological adaptation. The criterion of relative abundance, despite its currency and practical advantages, may be a poor measure of evaluation; the proposition may be valid only in some very broad sense; or it may be necessary to identify specific cultural features as eufunctional, afunctional or dysfunctional in biological adaptation. This inquiry indicates that, pending further studies, this view cannot be endorsed without qualification. 4Merrill (1946) has reported some 1300 floral species for Micronesia and estimates that only seven endemic genera are represented in the 620 genera present. Geographical isolation and relatively limited time period for the development of endemic forms are probable determinative factors of these conditions. Unfortunately, the very complexity of the volcanic islands has precluded the preparation of detailed ecological studies comparable to those available for some of the coralline islands and atolls. 5Seasonal dry periods are recorded in much of Micronesia, particularly in the northern Marshall Islands (Fosberg 1955 ) and rainfall gradients have been noted for islands of one environmental category of a single island group (Manchester 1951) . In no case, however, do these periods of limited rainfall permit the designation of "drought" conditions comparable to those found for the islands and atolls discussed above. 6 Odum and Odum (1959) 
